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A PRELlMllI^Y  REPORT  ON 
SOUND  TRANSRISaiON  AT  SAN  JUAN,  PUERTO  RICO 


R.  A.  Froeoh,  A.  N.  Outhi'ie,  H.  H.  Lear,  H.  L.  Post 


INTRODUCTION 


In  ordst*  to  ohooss  and  cpei*&te  affective  listening  stations 


to  be  used  in  the  passive  detection  of  ships  and  tubnarines,  it 


is  necessary  to  tuiderstand  the  transaission  of  sound  in  the  ocean. 


It  Is  particularly  important  to  understand  the  effect  of  the  char- 


acteristics and  configuration  of  the  oceaui  bottom  on  this  trans- 


mission. To  further  this  understanding  a continuing  invABtigAtion 


of  sound  recorded  on  the  hydrophones  of  the  Hudson  Laboratories 


Puerto  Hieo  Field  Station  h«i  bsou  undertaken,  in  this  report,  the 


results  of  a preliminary  analysis  of  data  obtained  using  explosive 


and  SO  ops  continuous  sources  are  presented.  The  experimental  re- 


sults are  compared  vith  predictions  derived  fpon  ray  computations 


for  this  region. 


i i 


1 I 
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1.  Propagation  bayond  the  end  of  the  3*  elope  at  Puerto  Ricp  la 
oharaoterized  by  deep  water  foouased  trananlaaion  with  35  mile 
peaking* 

2.  From  the  deep  hydrophone  out  to  the  end  of  the  3*  alope  (a 
distance  of  SO  - 26  ailcs)  the  sound  intarialty  Buffere  inverse 
square  ipreading  tc  the  geometry  of  the  slope  and  an  addi- 
tional loas  of  several  db  due  to  inperfeot  bottom  reflections. 

3*  For  the  shot  data,  the  intensity  change  down  the  initial 
slope  can  be  matched  fairly  well  within  the  function  ar-2.86. 

A bottom  velocity  of  6686  ft/cec  and  a density  of  8 give  a bot- 
tom reflectivity  yielding  this  intenBity-range  law.  xhie  veloc-^ 
ity  is  in  excellent  agreement  with  that  calculated  from  seismic 
refraction  shots  near  the  deep  hydrophone.  This  agreement  in- 
dicates that  the  technique  of  oomparing  ray  tracing  intensities 
derived  from  particular  assumptions  about  the  bottom  with  data 
from  shot  runs  may  bs  ussd  to  provide  information  as  to  the  re- 
flection oharacteristicf  of  the  bottom. 

4.  The  initial  fall-off  of  30  ops  sound  intensity  with  range 

m 

follows  the  law  Farther  out,  the  sparse  50  ops  data  are 

In  ugreement  with  the  shot  data* 
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5.  The  Inteneltlee  Troa  shot  data  for  the  shalloir  hydrophone  are 
3 dh  below  those  for  the  deep  hydrophone.  This  Is  presuaably  due 
to  further  attenuation  of  the  sound  through  multiple  reflections 
on  the  slope. 

6.  The  ooaparlson  of  the  Puerto  Rico  Intensities  with  intenel^ 
ties  taken  at  Sleuthera  indicates  that  the  latter  are  3^4  db  above 
these  asasured  at  tne  Puerto  Rioo  85  Bile  p9«ks. 
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PART  I 


TRANSKiaSION  USINS  SHOT  SOURCES 
by 

A.  N.  Outbrio  and  H.  H.  Loar 


i 

Sound  tranaaisBlon  experiaenta  ualng  exploalve  ohargea  as  j 

I 

ecui'oea  vera  oonduoted  at  the  Hudeon  Laboratorlea  Puerto  Rloo  | 

Station  during  Karoh  and  April  of  1953»  The  reaulta  preaented  | 

are  those  of  a prellainary  analysis  of  two  exeroisss:  I 


1.  Operation  13  — Event  DOO 

The  U8S  ALLEGHENY  traveled  at  a speed  of  10  knots 
on  oouree  000*  froa  San  Juan,  dropping  S lb  TNT 
charges  at  12  alnute  Intervals. 


2.  Operation  14  (AN08  Cruise  12,  Special  Event  DOG) 

The  USS  SAN  PABLO  traveled  at  a speed  of  10  knots 
on  ooTxrse  007*  from  San  Juan,  dropping  2 1/4  lb 
C-3  opposition  deaolltlon  blocks  at  6 alnute  In- 

terTals. 


In  both  exercises,  recordings  were  sade  from  the  shallow  | 


(approxlaatsly  200  fathcas)  and 
oas)  hydrophones.  Kovlng  coll 


deep  ( approx laately  463  fath— 


Mjvu  W^UVllOS  NOA'O  USOU.  XW  wer— 


ation  13  and  barlua  titanate  hydrophones  were  used  for  Opera- 
tion 14. 

A block  dlagraa  of  the  recording  equipment  la  shown  In 
Fig.  1.  Amplified  signals  frm  both  the  deep  and  the  shallow 

9&WX\AfT 

u ux\x  X X X fir  OaMax  x wn 


1 1 a— w 


fc.1  HWillllMHWI  II'J— ^ 
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hydrophone  oahlei  were  raoorded  on  dual  channel  I'requenoy  modula- 
ted Aapex  recorders  during  Operation  14  and  on  dual  channel  Magne- 
oordere  during  Operation  13.  In  order  to  measure  sound  travel 
tlncsi  the  signal  from  the  deep  hydrophone  was  recorded  on  a Brueh 
osclllcgTi^h  along  with  a hreah  second  chronometer  signal  and  the 
radioed  shot  signal  from  the  shooting  ship.  The  distance  of  the 
shot  from  the  hydrophone  was  determined  by  multiplying  the  travel 
time  of  the  first  sound  arrival  by  the  average  sound  velocity  In 
the  surface  sound  channel. 

The  range  was  sufficiently  great  so  that  It  la  reasonable  to 
assume  that  the  energy  reaching  the  hydrophone  from  the  source  was 
propagated  In  plane  waves.  In  this  oass;  the  rate  at  which  energy 
oroseee  a unit  area  normal  to  the  propagation  direction  le  equstl 
to 

£•  - £? 

pc 


where 


le  the  water  density 
0 Is  the  sound  velocity 
p IS  the  Initaiitaneous  excess  pressure 
due  to  the  sound  source 


The  total  energy  from  a shot  crossing  unit  area  (of  the  listening 
hydrophone ) Is  then 

ft  „ 

^ “ • 

A - X j P U-'C 

r®  J. 

where  the  integral  Is  taken  from  the  time  of  the  Initial  sound  ar- 
rival (t”0)  until  after  the  last  sound  from  the  shot  has  rsaohed 
the  hydrophone  (t‘*T). 


SEC 


SECRET 


VTartmrwr 


INFGRXA7ICN 


S£CHST 


9 - 


Analog  computer  unite  made  by  Morge  A.  rhilbrick  n«aearcher, 
Ino.,  vere  ueed  to  evaluate  J p^dt.  The  hydrophone  el^nale 
recorded  on  the  magnetic  tapee  are  directly  proportional  to  the 
presexire  exceeeeB  at  the  hydrophone.  Theee  tignale,  reproduced 
by  playback  of  the  recordings,  are  filtered,  amplified,  squared, 
end  then  Integrated  over  the  time  of  arrival  of  shot  energy  using 
the  analysis  instrumentation  shot;n  in  Pig,  1.  The  squaring  cir- 
cuit vas  frequently  checked  to  insure  that  the  output  voltage  was 
proportional  to  the  sowere  of  the  input  voltage.  In  spite  of  care- 
ful adjustments,  the  points  on  a plot  of  output  vs  (input)^  would 
scatter  from  a straight  line  by  ae  reuoh  as  5^.  Therefore,  the  am- 
plifier gains  were  adjusted  for  each  shot  to  keep  approximately 

the  same  voltage  amplitude  into  the  squaring  circuit, 

r T 

If  p^dt  were  divided  by  T,  the  result  vcuid  be  the  av- 

erage at  the  hydrophone  over  the  time  interval  during  which 
the  shot  energy  is  arriving.  A more  useful  quantity  for  trans- 
mission  studies  results  If  p*dt  is  divided  oy  one  second.  This 

gives  the  average  p^  at  the  hydrophone  which  would  exist  if  all 
the  energy  arrived  during  one  gsaona.  To  convert  this  to  a decibel 
scale,  the  results  given  in  this  report  are  measurements  of 

10  log  f r*dt= 
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A tjrploal  Brush  osoillogrsjt  obtAined  using  the  instrumenta- 
tion of  Fig.  1 Is  shown  In  Fig.  2.  Channel  1 Is  a reoord  of  the 
Input  to  the  squaring  circuit.  Channel  2 Is  a reoord  of  the  out- 


put of  the  integrating  circuit:  the  total  deflection  of  the  gal- 

/•  w 

vanoaeter  la  proportional  i " 


p^dt 


There  Is  no  contribu- 
tion to  this  integral  from  nolee  recorded  on  the  magnetic  tapes 
or  nolee  from  the  playback  circuits  since  the  noise  Is  cancelled 
out  In  the  adding  circuit.  The  ” adder la  designed  to  add  or  sub- 
tract an  adjustable  constant  voltage  to  Its  Input  signal. 


In  running  off  one  of  the  shots,  the  following  procedure  was 
followed: 

1.  With  the  recorder  on  "playback",  the  adder  was  ad.lusted 
to  give  no  signal  out  of  the  Integrator  until  the  Initial 
arrival  from  the  shote 

2.  If  after  the  last  shot  sound  arrival  the  voltage  out  of 
the  Integrator  remained  constant  (l.e..  If  the  deflec- 
tion of  the  galvanometer  psn  of  Channel  2 remained  un- 
changed), the  reoord  was  oonsldsrsd  good. 

o.  If  the  Brush  pen  did  nta  stay  at  a given  deflection  after 
the  shot  arrivals.  It  was  an  Indication  that  the  noise 
level  had  not  been  properly  subtracted  and  the  reoord  was 
discarded.  A new  oscillogram  of  the  shot  was  then  made. 


From  rig.  2,  It  Is  evident  that  It  Is  possible  to  measure  the 
energy  arrlTing  by  saoh  ray  path.  However,  only  the  total  shot 
energy  as  a functlcn  of  range  Is  dlsouised  In  this  x’spui't. 

The  pressure  level  asasiured  at  the  deep  hydrophone  Is  about 
3 db  «toove  the  level  at  the  shallow  hydrophone  (Fig.  3).  That  is. 


secret 
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in  terse  of  defenelTe  aonltorlng,  the  deep  hjdrophone  will  monitor 
an  area  four  tisec  ae  large  ae  that  covered  hy  the  ahallow  hydro- 
phone,  aasusing  oylindrioal  epreading. 

In  Fig.  4 the  resulte  of  Fig.  5 have  been  replotted  after  add- 
ing a term  (10  log  R)  to  o»rreot  for  cylindrical  apreading.  For 
rangea  greater  than  30  mile a,  the  preaaure  levela  at  the  peoka  aeea 
to  be  oonaiatent  with  oylindrioal  apraadiic^.  However;  for  rangea 
leaa  than  30  ailee.  the  preaaure  level  falla  off  more  rapidly  than 
ejected  for 'apherioal  apreading. 

Figa.  6 and  6 ahow  a oompariaoc  of  the  preeeure  level a at  the 
Puerto  Rioo  deep  hydrophone  with  the  preaaure  levela  neaaured  on 
the  "good*  asiauth^  at  Kleuthera.  Data  for  aose  rangea  are  miaaing 
frca  these  curves  beoauee  not  all  the  shots  have  yet  been  analysed 
in  the  20-40  opa  region.  At  Ileuthera  the  levela  fall  off  alaoet 
oylindrioally  and  are  froa  3 to  4 db  above  the  peak  levels  at 
Puerto  Rioo.  fhe  difference  can  undoubtedly  be  attributed  to  losa 
on  the  slope  from  the  hydrophone  out  to  about  25  ailee  at  Puerto 
Rico. 

A more  detailed  analysie  of  these  results  will  be  prepared 
in  the  near  future. 


8I0RS? 
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P-ART  11 


TRANSMISSION  USINO  30  CPS  CONTINUOUS  SOURCE 

by 

H.  Lo  Po8i 


During  F«bruaryj  1953*  using  as  a detector  the  deep  (465  fath- 
uae)  *cvlng  coll  hydrophone  of  our  Puerto  Rico  Station,  the  pree- 
eure  levels  from  a 30  ops  source  were  laeasiared  out  to  source  dis- 
tances of  300  allee  due  north  of  the  hydrophone.  The  source  was 
an  A Mark  5(b)  alnesweeplng  gear,  modified  to  operate  at  30  cpe 

with  a high  degree  of  frequency  stability.  This  source  was  de- 

2 

scribed  previously  in  a separate  report. 

The  first  27  miles  of  range  were  covered  almost  continuously 
In  a aeries  of  runs  In  which  the  source  vac  towed  by  the  USS  ALLE-> 
G-EENY.  The  source  depth  was  42  feet.  Tae  towing  speed  was  limit- 
ed to  about  3 knots  so  that  it  was  not  practlosC.  to  cover  the  full 
range  by  this  procedure.  Instead,  the  source  was  operated  at  var- 
ious stations  along  the  range  while  the  ALLEGHENY  was  drifting. 

It  would  then  be  lifted  olear  of  the  water  so  that  normal  cruls- 


^ ^ ^ a.  J - 


Id  be  maintained  to  tuo  noxt  atatlon.  At  each  drift 
scur-os  was  operated  at  depths  of  42  feet  and  h4  feet , 


In  this  preliminary  report,  results  are  presented  for  the  shallow- 
er depth  at  dletancee  out  to  157  miles  for  comparison  with  shot 


data. 
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The  ship's  position  was  determined  by  Loran  and  celestial 
navigation.  As  a check,  it  was  possible  to  determine  the  ship's 
distance  from  the  hydrophone  In  most  Instances  by  having  the 
sound  source  turned  off  at  a spoolfled  time,  communicated  to  the 
shore-based  laboratory  by  radio,  and  noting  the  Interveil  which 
elc^sed  until  the  hydrophone  signal  disappeared.  This  interval 
could  be  determined  to  about  a second.  The  distance  calculated 
from  theae  travel  tine*  agreed  quite  well  with  those  obtained  by 
the  navigation  methods. 

To  measure  pressure  level,  the  hydrophone  signal  was  passed 

through  a selective  amplifier  having  a bandwidth  of  about  1 cps 

and  was  recorded  on  a logarithmic  level  recorder  having  a bO  db 

range.  Beyond  30  miles,  the  signal  to  noise  ratio  was  usually 

too  low  for  reliable  measurements  to  be  taken  in  this  way  and  re- 

ooiirae  w«§  made  to  a bank  of  very  Heleotive  t’.mlner  fork  flltera 

having  Q's  of  about  8000.  The  bandwidth  of  suoh  a filter  at  the 

half  power  points  Is  0.004  ops.  The  filters  have  been  described 

3 ^ 

in  other  reports. Individual  filters  were  tuned  to  frequen- 
cies at  intervals  of  0.01  ops  above  and  below  30  cps  and  their 
outputs  wsre  recorded  on  linear  level  recorders.  They  were  se- 
leotlve  enough  to  detect  the  Doppler  shift  in  frequency  of  the 
source  result  ini?  from  the  ship's  rate  of  drift. 


Xu  uO  uivnoUx'o  XoTvX^  Xu  Wai  iivOooDcu'y  uw  imuX- 


^ ””  W •■■W  — ^ w • ••  • ^ ^ W ««a*w  V W waw  W W MAS  M U «» 

tenuatlon  oaused  by  tha  slgnsl  freqnanny  differing  slightly  from 
the  resonant  frequenoy  of  the  filter.  The  signal  frequency  was 
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determined  with  respect  to  a 30  cps  tuning  fork  oscillator  used 
as  a reference  standard  by  a phase  comparison  method  described  in 

4 

another  report.  Kno\»lng  the  Q’s  of  the  filtere  and  their  reso- 
nant frequencies  with  respect  to  the  standard,  the  correction  could 
then  be  made.  In  measuring  levels,  use  was  made  only  of  the  fil- 
ters having  the  highest  outputs,  that  is,  those  closest  to  the  sig- 
lial  frequency.  The  calibration  of  the  hydrophone  was  known  so  that 
It  was  possible  to  obtain  absolute  pressure  levels. 

The  signal  level  would  frequently  have  large  fluctuations  at 
any  particular  station.  These  fluctuations  are  probably  attribu- 
table to  multi-path  Interference  effects.  At  each  drift  station, 
the  average  level  over  the  time  of  observation  la  plotted. 

Out  to  27  miles,  the  region  of  almost  continuous  coverage, 
the  square  of  the  pressure  falls  off  at  a rate  approximately  pro- 
psrticnal  tc  ?.  (Fig.  7).  Ths  next  point  at  58  miles  is  one  of 
very  low  level  in  agreement  with  the  shot  data  and  ray  analysis. 

The  remaining  points  are  too  widely  separated  to  permit  the  shape 
of  the  cxu?ve  to  be  Inferred,  but  their  values  appear  to  be  con- 
sistent with  the  peaks  and  dips  appearing  in  the  more  detailed 
shot  data  available  in  this  region  (Fig.  8). 

It  is  planned  to  give  a more  detailed  analysis  and  deacrlp- 
tlon  of  these  and  other  results  obtained  with  the  30  cps  source  in 


a iat-er  re^oorr , 
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RAX  THEORY  OF  TRANSMISSION 

by 

R.  A>  Froeoh 


Det&lled  ray  traolngs  have  been  aade  for  the  Puerto  Rico 
deep  hydrophonoj  and  Intensity  range  ourvee  based  upon  ray  den- 
sities have  been  nede  froa  theee« 


Bottoa  Contour 

The  bottoa  contour  was  taken  froa  a fathograa  aade  by  the 
tlSS  ALLSvrHSNY  during  an  actual  run  along  OOC^T  froa  the  deep  hy- 
drophone. Bathyaetrio  work  done  since  indloates  that  naviga- 
tional errors  were  aade  during  this  run,  so  that  the  bottoa  used 
is  soaewhat  inaccurate.  The  possible  effects  of  changing  the 
bottoa  to  correct  configuration  will  be  aentlonsd  later  in  thle 


The  hydrophone  was  taken  to  be  at  E790  ft.  From  the  hydro- 
phone out  about  EO  miles,  the  bottom  slopes  off  at  about  un- 


a.  a n 


A ^ V: 

V** 


.LWW  «i.S 


* wfw  f A' Wui  MAsa.  V a»si  V 


out  to  about  AO  wllei  the  sloue  lu  tibout  7^  duwn  to  the  piiertu 
Rico  trsnoh=  The  trench  is  between  23,000  and  25,000  feet  deep. 
The  •)iallowast  point  on  the  far  side  of  the  trench  is  at  about 
130  ailes  froa  the  hydrophone  and  is  16,800  feet  deep. 
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Velcolty  Profile 

The  vetlooity  profile  used  in  these  ray  tracings  was  construct- 
ed from  a considerable  quantity  of  data.  A large  number  of  veloc- 
ity profi?-os  for  the  area,  for  which  we  are  Indebted  to  the  Woods 
Hole  Oceanographic  Institution,  were  plotted  on  one  graph,  to- 
gether with  profiles  computed  from  Hydrographic  Office  data  taken 
off  San  Juan,  and  from  bathythermograph  didos  taken  during  the  ex- 
periments discussed  in  this  report.  A curve,  drawn  by  hand  to  best 
fit  these  data,  was  used  in  this  computation  (Fig.  10).  The  sali- 
ent features  for  the  month  of  March  are  a surface  sotind  channel  ex- 
tending to  360  feet,  and  a main  sound  charjiel  axis  at  4100  feet. 

Ray  !8truoture 

Rays  were  traced  every  5®  from  14®  with  the  horlsontal  (shal- 
lowest angle  ray  reaching  the  surface)  to  39®,  and  every  1®  from 
39®  to  59®.  Rays  of  shallower  angle  than  42®  do  not  continue  to 
go  to  the  surface  after  aeveral  reflections  from  the  5®  slope.  No 


ray  ref Is  cted  from  the  7®  slope,  after  several  bounces  on  the  3® 
slope,  continues  to  go  to  the  surface  (see  Table  I).  Kenoe,  the 
transmission  from  large  rar^ges  Is  provided  by  three  discrete  oones 
of  rays:  42® -44®,  48®-51®,  54®-67®.  The  bottom  acts  as  a baffle 

preventing  other  rays  from  reaching  large  ranges.- 

Ail  rayg  reeiching  large  ranges  h&ye  their  last  bounce  on  the 
3®  slope  between  13  miles  and  the  end  of  the  slope  (20  miles),  and 
then  behave  at  larger  ranges  as  deep  water  transmitted  rays  (Fig. 9) 
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A fev  are  bottom  refleoteS  at  the  divide  aoroes  the  trench.  It  ie 
this  deep  water  tranemiesion  oharaoteriatio  which  ie  reaponaible 
for  the  35  mile  peaking  seen  in  the  experimental  reeulta.  The  major 
intensity  leas  takes  place  between  the  hydrophone  and  the  end  of  the 
3*  elope.  This  loss  is  due  partly  to  the  spreading  of  the  rays  as 
they  bounce  down  the  slope  and  partly  to  loss  on  refleotion. 

Intensity  Oomputation 

The  intensity  from  initial  angle  fio  is  taken  to  be  proportion- 
al to  the  oross  sectional  area  of  the  small  bundle  of  rays  origi- 
nating around  Following  a suggestion  made  by  members  of  VHOI 

this  is  computed  ir.  the  following  manner. 

If  is  the  initial  angle  of  the  ray  and  n the  number  of 
bounds  (or  refracted  inversions}  before  reaching  the  surface  at 

range  R|  (me  plots,  separately  for  each  value  of  n,  log  Sin  6 

o Sin  in 

vs  R*.  If  this  curve  is  differentiated  and  multiplitd  by 

Bin 

where  0^  is  the  angle  of  the  ray  at  range  R,  the  resulting  quan- 
tity is  propertlons^.  to  tho  intensity  due  to  rays  with  n bounces. 

The  curves  were  differentiated  using  the  Lagrange  interpola- 
tion formula  applied  to  successive  groups  of  3 points.  This  is 
equivalent  to  fitting  each  3 points  of  a curve  with  a second  or- 
der curve,  and  then  taking  the  derivative  of  the  curve  at  the  mid- 
dle point  of  the  three  to  be  the  derivative  at  the  graph  at  that 
point. 

Saoh  point  was  then  corrected  for  refleoticn  loss  in  bounc<^ 
ing  off  the  bottom  This  oorreotion  was  made  aasuming  the  Rayleigh 
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r«fl#otion  lav.  OoBputatlQi;a  vara  aada  for  tavaral  valuta  of 
sound  valoolty  and  danaity  of  tbs  bottoa  (Tabla  II). 


Yalooity  in 

^8s4 

9adi*ant 

5700 

1*5 

6650 

QWW 

2 

IbOOO 

7000 

£ 

14000 

rlglA 


Ono  of  vh«  raaulting  Intanalty  ourvaa  la  ahovn  in  Fig.  11. 
efface  of  tba  boimoaa  ba  aaan  froa  7abla  Z.  Of  partio- 
ular  nota  in  Fig,  11  is  tbe  pBaklss  ai  about  S5.  9Q.  1££  sn& 

155  alias,  in  good  agrsssont  vitb  tha  asparlaanti%l  data,  woloh 
paabad  at  6€,  95,  126  and  165  aila:^.  ?ha  i"-flnitaly  daap  troughs 
ba tween  th«  p§e^§  repraaant  shadow  sons a.  7ha  oaolllatlona  at 
s^iiill  (leas  than  25  allaa)  ar#  duo  to  the  partial  eepara- 

tlon  of  the  mys  Into  orrlval  groupa  wltA  range » l.a<«  tna  range 
intsrrali  in  which  rays  arrive  at  tha  aurfaea  having  had  1,2,2, 
ato.  bottoa  raflaotlons  only  partly  overlap,  laoh  auooaselvs 
bottoa  raflaetlon  further  attenuates  tha  raye,  ao  that  the  whole 
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group  of  tvloe  refleov9d  rays  is  iey«r«^  lb  belcv  tha  onoa  rafleoted 
rays,  ato.  (Tabla  I).  Furtheraore,  the  ataaper  angled  rays,  vhlch 
are  moat  attanuetad  upon  bottoa  raf  loot  ion,  arrive  at  tha  aisrfaca 
after  n bottom  raflaotiona  at  shortar  range*  than  tha  ahalloirar 
angled  rays.  There  are  some  possible  indications  of  this  oscilla- 
tory behavior  in  the  axpariaental  data  at  15  and  23  miles. 

Tha  lines  marked  "probable  focussing"  in  Fig.  11  correspond 

^ _o 

to  points  oi  vertical  slope  on  the  log  sin  Pq  vs  h~  ourves.  in-> 

sufficient  rays  vere  traced  to  be  certain  that  they  really  are 

points  of  vertical  slope. 

o 

A plot  of  log  p vs  log  R for  the  experimental  shot  data  oim 
be  fitted  moderately  well  by  a straight  line  cf  slope  =2.26  i C.l 
(fit  by  aye)  Fig.  18.  Similar  plots  (Fig.  13)  for  the  ray  tracliig 
intensities  between  5 and  85  miles  give  slopes  as  shown  in  Table 
III. 


TABLE  III 


T » 5000 

Vater 

Yelooity 

6700 

6000 

7000 


■ 1 

rvater 

Penalty 


1.6 

2 


T*iirid 

— — ^ — 

experimental  shota 


flloPb 
>4.8  i .5 
-8.76  ♦ .3 
-S.IS  ♦ a. 
-g  i .1 
-8.83  i .1 
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¥h«  •rrors  given  eorre spend  to  the  outelde  llolte  of  the 
■lopee  of  poeslhle  straight  line  fits.  Zf  vt  plot  these  slopes 
Ts  the  oorrespoading  (fig.  Id),  we  see  that  the  es^erinen- 

tal  result  eerresponds  to  about  - 15, £60  i 600,  whioh,  if  ve 
take  ^*2,  gives 

yir  - 6686  t 500  fv's*c  ( Z «C  S^)« 


Preliminary  refraction  shooting  at  Puerto  Rioo^,  taken  to- 
gether vith  the  results  of  previous  work  by  the  staff  of  the  La- 
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esttes  near  the  deep  hydrophone  is  as  shovn  in  fig. 16*  Zf  the 
top  sediment  layer  oontinues  to  pinoh  off. at  4*  rate,  it  would  be 
completely  miising  at  less  than  £ miles  from  the  hydrophone.  In 
this  ifftse.  the  betts^  vpioeity  on  the  slops  would  be  6650  ft/cce, 
in  fortuitously  good  .agreement  with  the  result  obtained  b^  ocii— 
paring  the  ray  tracing  results  with  the  shot  data. 

X log  Vi  lug  n plot  for  the  50  ope  diita  (fig.  7}  gives  a 
■lope  of  -3  between  6 and  30  aiies.  This  might  be  attributable 
to  ray  path  interference,  but  it  is  difficult  to  scs  bow  this 
could  affect  the  overall  rate  of  fall-off  with  range.  The  ex- 
pected effect  vould  be  * ntep'fei»enfte  oooills.tion  wltb  u period  of 
tne  order  of  a wavs  length,  167  faet,  or  so.  A dispersive  bot- 
tom with  a lower  velocity  for  lower  froqucnslss  may  bs  Indicated 

h*T»«  - 
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Tht  appearancb  of  thi  Tariout  intanalty  rang*  dlagrana  is 
very  aiailar  to  Fig«  11,  vhlcb  ii  for  ?OOC  ft/aec  in  the  botton* 
Aaido  fron  tbo  initial  fall-off  of  intonaity,  the  aost  predoa- 
inant  oharaoteristlo  of  the  intensity  range  ourvee  is  the  peah- 
ing.  Zn  Tables  V and  YI  are  tabulated  the  ranges  and  heights  of 
thsio  peaka,  th«  latter  negleoting  fooussing.  Judging  froa  the 
peak  heights,  a suitable  bottoa  Telooity  vould  appear  to  be  be- 
tween 5700  and  6000  ft/seo,  ainos  suoh  a rslooity  would  ainlBiee 
'*10  ~ shot  - (Ij^Q  - Ip)  rays.  (Iio  “ intensity  at  10  ailes, 
Ip  at  a peak.)  S8veTer«  dieplaoeaent  in  the  ranges  of  the  theo- 
retioal  ourre  by  4 ailes » as  indioated  by  Table  I,  Sol.  7,  to  pro- 
duos  better  agreeaent  of  the  peak  position,  aakes  the  nev  relatlTO 
peak  aaplltudes: 


TABU  IT 


(iio  - Ip) 

rays  - 

- Ip)  shots. 

Peak  iio. 

5700 

6000 

7000  Rigid 

1 

-10 

-5 

-1  1 

2 

-10 

-5 

M 

1 

1 

3 

- 0 

Q 

1 1 

4 

-lY 

2 

1 5 

The  difference  is  alnialsed,  though  not  well,  somewhere  about 
7000  ft/seo. 
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Suoh  a aitplaoement  alght  be  ind.^oated.  by  the  correct  bottom, 
which  has  a knee  seas  16  miles  farther  out  than  the  bottom  uaed  for 
the  ray  tracings.  However,  the  above  tests  are  hardly  sensitive  as 
the  scatter  of  both  shot  data  and  computations  is  probably  at  least 
2 db. 
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